Background: Children with brachial plexus birth palsy (BPBP) may undergo shoulder external rotation tendon transfers (ERTT) to improve function. In terms of outcome measurements, and according to the World Health Organization International Classification of Functioning, Disability, and Health model, ERTT reduces impairment as measured by range of motion (ROM), but has not been shown to improve activity and participation. Furthermore, correlation between these outcome measures has not been established. The Pediatric Outcomes Data Collection Instrument (PODCI) is a wellvalidated musculoskeletal health questionnaire that addresses activity and participation components of function. The aim of this study is to determine whether PODCI scores improve after ERTT, and whether this improvement correlates with improvement in ROM. Methods: A total of 23 children with a mean age of 6.3 years (range, 4.4Y12.8 years) with BPBP and standard indications for ERTT underwent preoperative and 1-year postoperative shoulder ROM measurements, and parental completion of the PODCI. Change in ROM was compared with change in PODCI scores to determine if these were correlated. Conclusions: For children with BPBP, ERTT is associated with reduced impairment and improved activity and participation. Maximum postoperative abduction is positively associated with PODCI scores, but change in ROM is not. Further study is needed to
T he incidence of brachial plexus birth palsy (BPBP) ranges from 0.38 to 4.6 per 1000 live births. 1Y4 The BPBP causes variable weakness of shoulder abduction and external rotation depending on the extent of neural injury. 5 Shoulder external rotation weakness makes performance of activities that require reach above the shoulder difficult or impossible, including hand-to-mouth and hand-tohead motions. 6 Moreover, imbalance between intact shoulder internal rotators and adductors and weak or paralyzed external rotators causes adduction and internal rotation contractures, glenohumeral joint deformity and subluxation, and worsening functional deficits. 7, 8 Surgical treatment of the sequelae of BPBP includes muscle releases, tendon transfers, and rotational osteotomy of the humerus. The Hoffer method of pectoralis major muscle release and latissimus dorsi and teres major tendon transfer to the infraspinatus and supraspinatus tendons (shoulder external rotation tendon transfer [ERTT] ) improves active external rotation, strength of abduction, and above-horizontal functioning as assessed by goniometric measurements and the Mallet classification. 6, 9, 10 In accordance with the World Health Organization International Classification of Functioning, Disability and Health, measurement of change in activity and participation after an intervention such as surgery may be a more valuable measure of function than range of motion (ROM). 11 An instrument that is able to evaluate how well a child interacts with his environment would enhance the assessment of ERTT outcomes. 12 The Pediatric Outcomes Data Collection Instrument (PODCI) is a well-validated musculoskeletal health questionnaire that addresses activity and participation components of function. 13Y15 The PODCI records patient and parentreported measures across 5 domains: Transfers and Basic Mobility, Upper Extremity and Physical Function (UE Function), Sports and Physical Function (Sports Function), Pain/ Comfort, and Happiness; a sixth measure, Global Function, is the average of the scores for the first 4 domains. Although Huffman et al 16 demonstrated that the PODCI can distinguish children with BPBP who are candidates for ERTT from normal controls, it remains to be seen whether the PODCI can discern and measure functional gains in children with BPBP after surgery. The aim of this study is to determine whether PODCI scores improve after ERTT, and whether this improvement correlates with improvement in shoulder active ROM. (Table 1) . Inclusion criteria included standard indications for ERTT: upper trunk BPBP with external rotation weakness, parent or patient-perceived functional deficits, and passive external rotation to at least neutral with the shoulder adducted. In addition, candidates demonstrated strength against resistance in shoulder adduction, with palpable contraction of the latissimus dorsi and teres major, adequate deltoid strength to abduct the shoulder greater than 60 degrees, and hand/wrist function sufficient to be useful once hand-to-head range was surgically established. 17 The ERTT was performed as described by Hoffer, 9 except that a transverse axillary incision was used. 17 All 23 subjects underwent a standardized postoperative therapy protocol as previously described, 17 and preoperative and 1-year postoperative evaluations including shoulder active ROM measurements by an occupational therapist in a standardized fashion, and parental completion of the PODCI (Tables 2).
Statistical Analysis
Preoperative and postoperative shoulder abduction and external rotation measures, and PODCI domain scores were compared using t tests for dependent measures. Change in PODCI scores with standardized mean difference (mean postoperative score minus mean preoperative score divided by the SD of the preoperative score) greater than 0.5 was judged to be clinically significant. 18 Spearman rank correlation coefficients were computed to assess the correlation between PODCI scores and both active abduction and external rotation ROM before and 1 year after surgery. Spearman rank correlation coefficients were also calculated to assess the correlation between post-ERTT PODCI scores and change after surgery in both active abduction and external rotation. Correlations of 0.25 to 0.50 were considered fair, and correlations of 0.50 to 0.75 were considered moderate to good. 19 A P G 0.05 was selected as the criterion for statistical significance. To test for a ceiling effect in PODCI measures, skewness scores were generated for presurgical and postsurgical PODCI scores. Negative skewness scores greater than 2 SEs of skewness, or j1.022, indicated nonnormal score distributions, where SE of skewness was calculated as the square root of (6/n). 
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RESULTS
Range of active shoulder abduction improved 35 degrees (P G 0.001) from a preoperative mean of 115 degrees (SD, 33 degrees) and range of active external rotation improved 41 degrees (P G 0.001) from a preoperative mean of 14 degrees (SD, 18 degrees) ( Table 3 There was a moderate negative correlation between change in abduction and postoperative Sports Function scores (r s = j0.456, P = 0.029), but no correlation between change in ROM and any other postoperative PODCI score (Table 5) . 10  100  83  89  93  100  95  11  100  100  100  100  100  100  12  97  58  92  80  75  90  13  94  38  83  79  100  95  14  97  75  83  84  83  90  15  100  100  97  99  100  95  16  94  58  85  84  100  100  17  94  79  78  86  92  55  18  100  83  76  90  100  No answer  19  100  96  97  96  92  100  20  100  71  85  89  100  100  21  100  100  97  89  58  100  22  97  96  94  97  100  100  23  85  71  79  69  42  85  1 Y Postoperative PODCI Domain Scores  1  100  100  92  98  100  100  2  94  83  92  92  100  95  3  9 7  7 9  8 9  8 9  9 2  9 5  4  100  96  94  98  100  80  5  100  96  97  98  100  100  6  97  83  94  94  100  100  7  100  100  97  99  100  95  8  100  96  100  93  75  90  9  100  96  97  98  100  90  10  100  100  89  97  100  100  11  97  88  86  93  100  100  12  100  96  97  98  100  100  13  100  58  94  80  67  100  14  100  92  79  91  92  80  15  100  100  94  98  100  80  16  97  75  87  90  100  95  17  100  96  92  97  100  100  18  100  80  88  92  100  100  19  100  100  94  98  100  100  20  100  94  86  95  100  100 When preoperative and postoperative PODCI scores were compared with preoperative and postoperative active ROM scores, correlations were seen between peak postoperative abduction and postoperative PODCI scores for Transfers and Basic Mobility (r s = 0.496, P = 0.016), UE Function (r s = 0.712, P G 0.0001), Sports Function (r s = 0.449, P = 0.032), and Global Function (r s = 0.735, P G 0.0001) ( Table 6 ). There was no correlation between peak post-ERTT external rotation and post-ERTT PODCI scores (Table  Scores for pre-ERTT UE Function, Sports Function, and Global Function all had normal distributions. However, scores for post-ERTT PODCI UE Function and Global Function showed significant negative skewness at j1.480 and j1.804, respectively ( Table 7 ), suggesting that nonsignificant correlations between change in ROM and PODCI UE Function and Global Function are caused by a ceiling effect.
DISCUSSION
For children with BPBP, ERTT is associated with reduced impairment as measured by increased active ROM, and improved activity and participation as measured by the PODCI Transfers and Basic Mobility, UE Function, Sports Function, and Global Function domains. These findings suggest that other measures included in the PODCI related to quality of life, such as Pain/Comfort and Happiness, may not improve after ERTT; however, their preoperative and postoperative scores in these domains are within normal limits. 12 A previous study of this cohort concluded that although PODCI was able to measure clear differences between normal controls and children with BPBP who are candidates for ERTT, differences were measurable only with respect to UE Function, Sports and Physical Function, and Global Function. 16 This study is consistent with our previous findings, except with regard to Transfers and Basic Mobility.
It is possible that the changes in ROM and PODCI scores are associated with more intensive therapy postoperatively instead of surgery; this study can neither prove nor disprove this because subjects were not randomized to therapy or surgery.
Although preoperative scores in UE Function, Sports Function, and Global Function domains indicated that the subjects were not severely disabled by their condition (only 1 score, UE Function, was below the low 80s, the proposed lower limit of normal 12 ), the PODCI measured statistically and clinically significant improvement in these domains after ERTT. This was expected given the significantly reduced level of impairment observed in shoulder active abduction and external rotation. Postoperative PODCI scores were not associated with change in either abduction or external rotation, with the exception of Sports Function, which was negatively associated with change in active abduction. Postoperative shoulder peak abduction and PODCI scores, especially UE Function and Global Function, were positively correlated. A similar correlation was not seen between postoperative peak external rotation and PODCI scores. These findings suggest that improvement in ROM after ERTT is less important than peak ROM attained and may reflect that children who have the most room to improve also have the most severe functional deficits after surgery.
The incomplete correlations between ROM and PODCI measures reinforce that ROM and the PODCI are measuring different things. The PODCI may not be sensitive to changes in shoulder function. However, the moderate-to-strong correlations between postoperative abduction and several PODCI domains suggest that the PODCI is sensitive to measures of abduction, if not to external rotation. It may be that the tasks included in the PODCI require upper extremity abduction more than external rotation. For instance, of the upper extremity tasks (lift heavy books, use a fork and spoon, write with a pencil, turn door knobs, open a jar that has been opened before, button buttons, pour a half gallon of milk, comb hair), only the use fork and spoon and comb hair tasks require significant external rotation. In contrast, all tasks, except write with a pencil, require shoulder abduction. If the PODCI is sensitive to measures of abduction, then it may be useful in tracking abduction gains over time. Pagnotta et al 8 found that long-term gains in abduction after ERTT were highly correlated with extent of BPBP injury and diminished over time. In a study of children with BPBP, those with C5 to C6 injury and preoperative active abduction of 45 to 90 degrees enjoyed the greatest post-ERTT gains in abduction, but these gains peaked at 15 years and deteriorated progressively thereafter. 8 Children with more severe C5 to C6 to C7 or complete plexus paralysis fared worse, with smaller gains in abduction and deterioration after 10 and 3 years, respectively. 8 To the extent that PODCI scores are associated with abduction, they may also decline over time after ERTT.
A possible limitation of these findings is that the score distributions for postoperative PODCI UE Function and Global Function domains showed significant negative skewness, with scores clustered near the maximum value reportable. This could indicate that after surgery, many of these children had normal activity and function as measured by these PODCI domains; alternatively, the negatively skewed distributions may reflect a ceiling effect of the PODCI. Tests of correlations require variability of scores. The PODCI scores for our sample clustered at the high end of the scale, which is referred to as a ceiling effect; data with a ceiling effect have restricted variability, which limits the likelihood of finding a significant correlation. Haynes and Sullivan 12 propose that PODCI scores above the mid-80s represent normal range function and that the instrument is not sensitive to change in normal functioning children. If the PODCI is less sensitive to improvement in a higher functioning cohort such as ours, it would not be surprising if improvement in ROM and improvement in PODCI scores failed to strongly correlate.
An additional potential limitation of this study is that results cannot be adjusted for the possible confounding effect of age. Daltroy et al 13 found that the UE Function Scale, in particular, was susceptible to age bias because older children found it easier to perform the tasks addressed by the questionnaire independent of level of impairment. Because our study participants were 1 year older when they were administered the PODCI postoperatively, it is possible that some of their perceived improvement was caused by the effects of developmental maturation as opposed to surgery-related gains.
The present study has shown that PODCI scores increase after ERTT and that postoperative peak abduction and PODCI scores correlate. This correlation may reflect improved activity and participation associated with abduction, at least for PODCI upper extremity tasks. Because abduction gained from ERTT may diminish over time, long-term PODCI follow-up would be a useful way to determine if the activity and participation improvements associated with ERTT are lasting. This conclusion should be interpreted with some caution because the PODCI_s usefulness may be limited by a ceiling effect for high-scoring children, by its susceptibility to age bias, and by its limited sensitivity to shoulder function. 
